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Fig. S1 Schematic representation of ANi700/ANi8500/ANi1000 synthesis arrangement.
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Fig. S2 (a,b) Raman spectra recorded on ANi700 and ANi1000.
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Fig. S3 Deconvoluted HRXPS spectra of (a) C1s, (b) N1s and (c) Ni2p for ANi700.
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Fig. S4 Deconvoluted HRXPS spectra of (a) C1s, (b) N1s and (c) Ni2p for ANi1000.
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Fig. S5 TEM, HRTEM, Fourier transform of selected area as indicated by yellow box and corresponding inverse Fourier transform for interplanar spacing evaluation for (a-d) ANi700 and (e-g) ANi1000. The estimated planar spacing suggests the presence of (111) and (200) NiO planes in nanoparticles randomly selected from ANi700 and ANi1000, respectively.
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Fig. S6 Cyclic voltammograms in non-Faradic region for Cdl determination (Figure 4c) in nitrogen-purged 0.1 M NaOH aqueous solution at different potential scan speed of (10-100 mV/s) recorded on (a) ANi700, (b) ANi850 and (c) ANi1000, respectively.
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Fig. S7 Electrochemical impedance study using Nyquist plots on ANi700, ANi850 and ANi1000 in 0.1 M NaOH aqueous solution at 0.965 V vs RHE.
Fig. S8 Accelerated stability test on ANi850 using RDE-LSV setup (50th, 500nd and 3000nd cycles of ORR polarization curves in alkaline (0.1 M NaOH) medium at rotation speed of 1400 rpm and 100 mV/s scan speed).
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Table S1. ORR activity summary for various recently developed transition metal based carbon nanocomposites in alkaline medium.
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Fig. S9 RDE-LSV OER polarization curves (50th and 3000nd cycles) on ANi850 for accelerated stability test in nitrogen purged alkaline (1 M NaOH) aqueous solution at 1200 rpm and 100 mV/s scan speed.
Table S2. OER activity summary for various transition metal based carbon nanocomposites  in alkaline medium.
	Electrocatalyst
	Electrocatalyst  loading 
	Eon-set (V)
Vs RHE
	EJ=10 (V)
Vs RHE
	Reference

	CoFe2O4/rGO
	1.006 mg/cm2
	~ 1.504
	~ 1.664
	Journal of Power Sources 250 (2014) 196-203

	FeCo2O4-HrGOS
	1.006 mg/cm2
	~ 1.534
	~ 1.714
	Carbon  92 ( 2015) 74 –83

	CoFe2O4/CNTs
	1.006 mg/cm2
	~ 1.564
	~ 1.664
	Electrochimica Acta 177 (2015) 65–72

	MWCNT@S–N–C
	0.200 mg/cm2
	~ 1.564
	~ 1.664
	New J. Chem., 2015, 39, 6289--6296

	S,N,Fe-porous carbon
	0.100  mg/cm2
	----
	~ 1.614
	Green Chem., 2016, 18, 4004-4011

	N-doped Fe-Fe3C@ graphitic layer
	0.710  mg/cm2
	~ 1.564
	~ 1.742
	Green Chemistry 18 (2016), 427-432

	Nitrogen-doped Fe/Fe3C@graphitic layer/carbon
nanotube
	0.103 mg/cm2
	~ 1.464
	~ 1.814
	Chem. Commun., 2015,
51, 2710-2713

	NiCo2S4@N/SrGO
	0.283 mg/cm2
	~ 1.564
	~ 1.684
	ACS Appl. Mater. Interfaces, 2013, 5 (11), pp 5002–5008

	Fe3C-NCNTs co-embedded boron doped carbon
	 0.75 mg/cm2
	~ 1.445
	~ 1.585
	J. Mater. Chem. A, 2017, 5, 16843-16853

	Fe3C-FeNx enriched carbon sphere
	1 mg/cm2
	~ 1.403
	~ 1.573
	J. Mater. Chem. A, 2018, 6, 8537

	FeNi encapsulated NCNTs (FN10R)
	0.4  mg/cm2
	~ 1.488
	~ 1.568
	J. Mater. Chem. A, 2018, 6, 20411-20420

	Ni Co2.7(OH)x
	0.2  mg/cm2
	~ 1.48
	~ 1.62
	Adv. Energy Mater., 2015, 5, 1401880.

	ANi850
	0.1 mg/cm2
	~ 1.5
(@ 2 mA/cm2)
	~ 1.55
	Present study


Table S3. Overall oxygen electroactivity (E) summary for various carbon-based electrocatalysts in alkaline medium.
	Catalyst
	Overall oxygen electrochemistry
ΔE (Ej=10(OER) – E1/2(ORR)) (V)
	Reference

	S-N-C@MWNCNTs
	~1.25
	New J. Chem. 2015, 39, 6289.

	Co3O4/2.7Co2MnO4
	~ 1.17 V
	Nanoscale, 2013, 5, 5312–5315

	Ni/N-CTs
	~ 1.09 V
	J. Mater. Chem. A,2016, 4, 1694–1701

	NCNF-1000
	~1.02
	Adv. Mater. 2016, 28, 3000−3006.

	Fe/Fe3C@NGL-NCNT
	~1
	Chem. Commun. 2015, 51, 2710.

	N-Graphene/CNTs
	~1.00
	Small, 2014, 10, 2251.

	B-MWNCNTs
	~1.00
	Electrochimica Acta 2014,143, 291.

	CoFe2O4/rGO
	~0.98
	J. Power Sources 2014, 250, 196.

	CoFe2O4/N-P-biocarbon
	~0.98
	J. Mater. Chem. A  2014,2,18012.

	N,P-Carbon paper
	~ 0.96
	Angew. Chem. Int. Ed. 2015, 54, 4646.

	P-doped g-C3N4 /CF
	~0.96
	Angew. Chem. Int. Ed. 2015, 54, 4646−4650.

	Fe/Fe3C@ N-graphitic layer
	~ 0.97
	Green Chem., 2016, 18, 427–432

	NGM-Co
	0.95 V
	Adv. Mater. 2017, 29, 1703185

	Pt@C
	~0.94
	Angew. Chem. Int. Ed. 2014, 53, 8508.

	MnxOy/N-Carbon
	~0.93
	Angew. Chem. Int. Ed. 2014, 53, 8508.

	Ir@C
	~0.92
	J. Am. Chem. Soc. 2010,132, 3612.

	NiCo2O4/Graphene
	~0.915
	J. Mater. Chem. A 2013,1,4754.

	N, S, O carbon nanosheet
	~0.88
	Nano Energy 19 (2016) 373–381

	Fe@N-C
	~0.88
	Nano Energy 2015, 13, 387−396.

	ANi850
	~0.845
	Present study
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Electrocatalyst�
Electrocatalyst loading �
Eon-set (V)


Vs RHE�
E1/2


Vs RHE�
Reference�
�
MWCNT@S–N–C�
mg/cm2�
~0.764�
~0.614�
New J. Chem., 2015, 39, 6289--6296�
�
CoFe2O4/CNTs�
1.006 mg/cm2�
~0.840�
~0.664�
Electrochimica Acta 177 (2015) 65–72�
�
CoFe2O4/rGO�
1.006 mg/cm2�
~0.828�
~0.704�
Journal of Power Sources 250 (2014) 196e203�
�
Co–N–GN�
0.1   mg/cm2�
~0.866�
~0.802�
� HYPERLINK "http://dx.doi.org/10.1039/2050-7496/2013" \n Link to journal home page��J. Mater. Chem. A�, 2013, 1, 3593-3599�
�
N,P,S-rGO/E. coli�
0.510  mg/cm2�
~0.874�
~0.764�
J. Mater. Chem. A 2015,3, 12873-12879�
�
FeCo2O4-HrGOS�
1.006  mg/cm2�
~0.874�
~0.764�
Carbon 92 (2015 74-83�
�
N-graphene/CNT hybrids�
0.430   mg/cm2�
~0.884�
~0.764�
Angew. Chem. Int. Ed. 2014, 53, 6496 - 6500�
�
N-CNTs�
0.306  mg/cm2�
~0.904�
~0.744�
Carbon  50 (2012) 2620-2627�
�
N,S-Graphene�
0.43 mg/cm2�
~0.904�
~0.664�
Angew. Chem., Int. Ed., 2012, 51, 11496�
�
Fe3C-NCNTs co-embedded boron doped carbon�
0.75 mg/cm2�
~0.934�
~0.739�
� HYPERLINK "https://doi.org/10.1039/2050-7496/2013" \n Link to journal home page��J. Mater. Chem. A�, 2017, 5, 16843-16853�
�
N-doped Fe-Fe3C@ graphitic layer�
0.71 mg/cm2�
~0.914�
~0.739�
Green Chem., 2016, 18, 427–432�
�
FeNi encapsulated NCNTs (FN10R)�
0.4  mg/cm2�
~0.899�
~0.700�
� HYPERLINK "https://doi.org/10.1039/2050-7496/2013" \n Link to journal home page��J. Mater. Chem. A�, 2018, 6, 20411-20420�
�
ANi850�
0.1 mg/cm2�
~0.950


(@ 0.05 mA/cm2)�
~0.705�
Present study�
�
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